Acute myocardial infarction (AMI) is a leading cause of death and disease burden worldwide, including China. 1 Percutaneous coronary intervention (PCI) is the most common therapeutic technique for treating AMI via improving myocardial perfusion. 2 At present, PCI remains the dominant treatment for AMI in many countries, especially China. Although PCI is very efficacious in reducing the Abstract Background: The study of the development and evaluation of self-management intervention among patients with acute myocardial infarction (AMI) undergoing percutaneous coronary intervention (PCI) is lacking, especially in China. Aim: To examine the effects of a nurse-led individualized self-management program (NISMP) on health behaviors, control of cardiac risk factors, and health-related quality of life (HRQoL) among patients with AMI undergoing PCI. Methods: The quasi-experimental design included a convenience sample of 112 participants recruited from a tertiary hospital in China. The participants were assigned to the control group (n = 56) or the intervention group (n = 56). The intervention group underwent the NISMP, which includes six group-based education sessions, a face-to-face individual consultation, and 12-month telephone follow-ups. Data were collected at baseline and at the end of the 12-month program using the Health Promotion Lifestyle Profile, the Risk Factors Assessment Form, and the Short Form 36-item Health Survey. Results: The baseline sociodemographic and clinical characteristics of the two groups were comparable (p > 0.05).
Introduction
symptoms of angina and improving the prognosis for AMI, these patients continue to live with chronic cardiac disease, a scenario with possible complications, including renarrowing of coronary arteries and adverse cardiac events. 2 In addition, these patients are at high risk of developing psychological disorders such as anxiety and depression. 3 Therefore, recommended therapies for AMI patients undergoing PCI should be coupled with medication intervention and changes in health behavior to control cardiac risk factors. 4 Transitioning from the hospital to home is particularly challenging for AMI patients undergoing PCI. After a short stay in hospitals, patients must take multiple medications daily, 2 and adjust their lifestyle at home. 5 Unfortunately, 42% coronary angioplasty patients believe that the procedure has cured them and they no longer pay attention to their health behaviors. 6 Some studies have reported low medication compliance among these patients. [7] [8] [9] The control of cardiac risk factors, including blood pressure (BP), blood glucose (BG), lipoprotein, body mass index (BMI), and smoking, is far from ideal. 10 Failure to adhere to better health behaviors and control of cardiac risk factors results in poor clinical outcomes, increased morbidity and mortality, higher readmission rates, and increased healthcare costs. 11 In particular, previous studies revealed that the prevalence of anxiety and depression grew significantly and health-related quality of life (HRQoL) was impaired among patients undergoing PCI. 12 Therefore, an effective intervention program that helps patients with AMI undergoing PCI to manage their health conditions properly must be developed.
The management of chronic illness is characterized by the extended responsibility that patients must meet. The involvement of patients in their own health management is known as self-management, which has been redefined as "the individual's ability to manage the symptoms, treatment, physical and psychosocial consequences and lifestyle changes inherent in living with a chronic condition." 13 In contemporary society, self-management is the principal way in which individuals can be actively engaged in their healthcare regimen. 14 Unfortunately, for many patients, optimum self-management is often difficult to realize, as indicated by poor rates of compliance with treatment guidelines, poor psychological wellbeing, and reduced HRQoL. 15 Identification of these problems has led to the development of interventions that aim directly at the aspects of patients' self-management. 13 The key characteristic of these interventions is the enhanced involvement of the patients in and control of their own care to improve their HRQoL. 13 Self-management interventions are conducted to equip patients with the knowledge and skills needed to actively participate in managing their own chronic conditions so they can function optimally via symptom monitoring, medication management, and modification of unhealthy behaviors, such as unhealthy diet, sedentary physical activity, and smoking. 14 An effective self-management intervention is believed to be the best way to improve clinical care and treatment and has been recommended to improve the healthcare outcomes for patients with various chronic illnesses. 16, 17 Previous studies demonstrated that self-management interventions positively impacted clinical outcomes, HRQoL, self-management behaviors, and medical costs. 15, 18 However, there is a paucity of studies on the effect of self-management intervention among patients with AMI undergoing PCI, especially in China, where the economics and cultural background are quite different from the West. For example, in China, the normal diet consists of saltier foods and smoking is more prevalent compared with the West. Therefore, this study was designed to investigate the efficacy of a nurse-led individualized self-management program (NISMP) on health behaviors, control of cardiac risk factors, and HRQoL among Chinese patients with AMI undergoing PCI.
Methods

Design
This study was conducted in the cardiovascular department of a tertiary hospital in Xi'an, China. A quasi-experimental design was adopted to avoid the possibility of contamination. Participants recruited from March to July 2016 were allocated to the control group and those recruited from August to December 2016 were assigned to the intervention group. The control group received the usual care, while the intervention group received the 12-month NISMP in addition to the usual care. Data were collected at baseline and at the end of 12-month program. The investigation conforms with the principles outlined in the Declaration of Helsinki.
Participants
Convenience sampling was used to recruit the participants. Patients were included if they met the following criteria: (a) clinically diagnosed with AMI and had undergone primary PCI at admission; (b) older more than 18 years; (c) able to communicate in Chinese, and (d) able to be reached by telephone. Patients with renal failure, advanced cancer or documented cognitive impairments were excluded.
The sample size was calculated using the statistical power analysis recommended by Cohen. 19 To achieve an effect size of 0.57 to indicate the difference between the two groups, determined based on a previous similar study in China, 20 a sample size of 90 was required to examine differences between the groups at an α of 0.05 and power of 80%. Assuming a 20% loss to follow-up, the sample size was estimated to be 112 participants, with 56 subjects in each group.
Interventions
Nurse-led individualized self-management program (NISMP). The NISMP was developed on the basis on the UK Medical Research Council framework for the development of complex interventions. The main steps needed for the systematic development of interventions are "identifying the evidence base" and "modeling process and outcomes." 21 To develop the NISMP, we had conducted a systematic literature review on the topic and on rehabilitation guidelines for patients with AMI. We also discussed with experts the key elements of clinical problems, target behaviors, and relevant components to be included in the proposed NISMP. We then structured the framework of the NISMP as illustrated in Figure 1 . In short, the NISMP was a well-structured 12-month program that consisted of six group-based education sessions, a face-to-face individual consultation, and a 12-month telephone follow-up. The group-based education sessions and the face-to-face individual consultation were led and conducted by a cardiac nurse specialist, who holds a master's degree in nursing and was a co-investigator of this study. The research team developed the educational tools that were tailored to local AMI patients undergoing PCI, and the contents of which were validated by an expert panel before the study.
The group-based education sessions were conducted in the cardiovascular department of the hospital before patients were discharged. Each group education session consisted of four to eight patients and their family members when possible. Each session, which lasted for about 30-40 min, had the goal of providing adequate knowledge about and motivating self-management behaviors of AMI patients undergoing PCI and included topics on healthy living with AMI and PCI and how to manage diet, activity, medication, symptoms, and stress (Table 1) . Each groupbased education session was interactive and included a short introduction of the topic, group discussion, and relaying of personal experiences to allow the patients to actively communicate with the nurse and interact with their peers. Printed education materials for cardiac patients were provided to the patients to reinforce the key learning points of diet, daily exercise, and stress management.
Each patient in the intervention group had a 30 min faceto-face consultation on the day before discharge from the hospital. Family members of the patient were also invited to join the session when possible. In the consultation session, the nurse assessed the health behaviors, cardiac risk factors, and other clinical variables of the patient and set the goals for the patient. Any questions about the experiences of the patient were addressed during the consultation session. The recommended guidelines for enhancing health behaviors and controlling cardiac risk factors were provided to the participants at the end of the session. The participants were asked to change their health behaviors at home to meet the set goals. Family members were asked to assist the patients at home and track their adherence to the guidelines. In addition, patients were provided a health diary with which they could self-monitor by recording their health behaviors, such as diet and exercise.
The scheduled 15 min follow-up telephone calls were made at one, three, seven weeks after discharge from the hospital, and 3, 5, 8, and 12 months thereafter. The purposes of the telephone follow-up calls were to check the progress of recovery, assess and monitor health behaviors, encourage the patients to follow the instructions provided, and address their concerns if any. During these phone calls, the nurse assessed self-management behaviors and reinforced their important points, and any success with the goals set by the nurse would be rewarded with praise.
Usual care. Patients in both groups received the usual care provided by the hospital, which included the usual discharge plan provided by a nurse, and regular medical appointments with a cardiologist every three months at the outpatient clinic.
Outcome measures
Sociodemographic and clinical data. Sociodemographic data, including the participants' gender, age, marital status, educational level, employment status, and family income of the participants, were collected using a researcher-designed data form. Clinical data including type of AMI, heart function classification, number of coronary lesions, number of PCI target blood vessels, ejection fraction (EF%) and days of hospital stays were obtained from the medical records of the patients.
Health behaviors. Health behaviors were obtained using the Health-Promoting Lifestyle Profile II (HPLPII) based on Pender's Health Promotion Model. The HPLPII is a wellknown and extensively used research scale that helps determine the health behaviors of the participants. 4 It is a 40-item Likert scale ranging from 1 = never to 4 = routinely that measures the health-promoting lifestyle in six behaviors dimensions: health responsibility, nutrition, physical activity, stress management, interpersonal relations, and spiritual growth. The Chinese version of the HPLPII has good internal consistency with a Cronbach's α of 0·90. 22 In the current study, Cronbach's α was 0.92 for the total scale and ranged from 0.80 to 0.89 for the subscales.
Control of cardiac risk factors. Cardiac risk factors were measured using the Risk Factors Assessment Form (RFAF), and include smoking, BP, low-density lipoprotein (LDL), BG, BMI, and physical exercise, all of which could be modified and controlled. 23 The target control Symptom management
Managing symptoms of AMI after PCI; managing symptoms with diet (sodium, fat, and weights), rest, and sleep; specific strategies to manage symptoms in detail. 6 Stress management Signs and symptoms of stress; life changes to identify stressor; managing stress and dealing with common negative feelings and emotions; strategies for stress management (including physical activity, deep breathing, laughing, keeping a journal).
CHD: coronary heart disease; AMI: acute myocardial infarction; PCI: percutaneous coronary intervention.
standards for the risk factors were defined as no smoking, BP < 140/90 mmHg at rest, BG < 6.1 mmol/L, LDL < 2.6 mmol/L, BMI between 18.5 and 23.9 kg/m 2 , and exercise for ⩾150 min/week. 23, 24 BP, BG, LDL, and BMI were obtained from the medical records of the patients.
Health-related quality of life. HRQoL was measured using the 36-item Short Form Health Survey (SF-36). The eight subscales of the SF-36 include general health, physical functioning, bodily pain, role functioning, vitality, mental health, role functioning, and social function. A higher score indicates a better HRQoL. 25 The SF-36 has been translated into Chinese and validated among Chinese patients with myocardial infarction. 26 The Chinese version of the SF-36 has good reliability with a Cronbach's α ranging from 0.74 to 0.95. 26 
Data collection procedure
To minimize the possibility of contaminating the data because of communication between participants, the control group and the intervention group were examined at separate times. Potential participants who met the inclusion criteria were screened and approached in the cardiovascular department of the study hospital. The research nurse explained the study objectives and procedure to the patients. The pre-test data including sociodemographic and clinical data and baseline outcomes were then collected. The research nurse contacted the participants via telephone 12 months after hospital discharge to collect post-test data. The flowchart of the data collection procedure is shown in Figure 2 .
Data analysis
Data analysis was performed using IBM SPSS Statistic Version 22.0 software. Descriptive statistics including mean, SD, and frequency were used to describe the demographic and clinical data of the participants. A X 2 test and an independent t-test were performed to test the equivalence of the intervention and control groups at baseline, and the differences in the dependent variable between groups after the intervention. The significance level was set at 0.05 for all analyses.
Ethical consideration
This study was approved by the Ethics Board of Xi'an Jiaotong University. All participants were invited to participate in this study voluntarily, and written informed consent was obtained before the study. The participants were assured that their participation was confidential and they could withdrawal at any time without any penalty.
Results
A total of 128 eligible patients were approached, of which 112 agreed to participate in the study. All 56 participants assigned to the intervention group, and completed six group-based education sessions while they were hospitalized, but four dropped out of the study. All 56 participants allocated to the control group, but six did not complete the study. Accordingly, 102 participants, 50 in the control group and 52 in the intervention group, completed the whole study. There were no significant differences with respect to social-demographic and clinical characteristics between participants who completed the study and those who dropped out.
Baseline characteristics
The baseline sociodemographic and clinical characteristics of the participants are summarized in Table 2 . There were no significant differences in the sociodemographic and clinical variables (p > 0.05) between the two groups ( Table 2) . The pre-test outcome variables for both groups are summarized in Table 3 . There were no significant differences in the health behaviors, control of cardiac risk factors, and HRQoL between the two groups (p > 0.05).
Intervention effect on health behaviors, control of cardiac risk factors and HRQoL
An independent t-test was used to find the effects of the intervention on the six dimensions of health behaviors, and the results are presented in Table 3 . Compared to the control group, the intervention group had a significantly higher score in the total score (t = −4.173, p < 0.001), and a higher score for the six dimensions: health responsibility (t = −3.508, p < 0.001), nutrition (t = −2.815, p < 0.005), physical activity (t = −5.097, p < 0.001), stress management (t = −5.253, p < 0.001, interpersonal relations (t = −3.719, p < 0.001), and spiritual growth (t = −4.649, p < 0.001).
In addition, a X 2 test was performed to test the effects of the intervention on the control of cardiac risk factors of smoking, BP, BG, LDL, BMI, and exercise at 12 months. As shown in Table 3 , the intervention group had significantly higher control rates for no-smoking (χ 2 = 4.709, p = 0.030), LDL (χ 2 = 4.160, p = 0.041), BMI (χ 2 = 3.886, p = 0.049), and exercise (χ 2 = 10.096, p = 0.001) than did the control group. However, no significant differences in the control rates of BP (χ 2 = 0.221, p = 0.638) and BG (χ 2 =1.380, p = 0.240) were found between the two groups 12 months after the intervention.
An independent t-test was performed to examine the effect of intervention on the HRQoL including the eight subscales (Table 3) . After 12 months, the participants in the intervention group reported significantly higher mean scores for general health (t = −2.260, p = 0.026), role physical (t = −2.867, p = 0.004), role emotional (t = −2.736, p = 0.006), and social function (t = −2.274, p = 0.013) compared to those reported by the control group. However, there were no significant differences in physical functioning (t = −1.759, p = 0.079) and bodily pain (t = −1.033, p = 0.302) between the two groups.
Discussion
To the best of our knowledge, there are very few intervention studies being conducted in China that examine the effects of a nurse-led self-management program for AMI Table 3 . Comparison of outcome variables before and after the intervention between the two study groups (n = 102).
Variables
Pre patients undergoing PCI. Our study showed that the NISMP was effective in improving health behaviors, the control of cardiac risk factors, and HRQoL among Chinese AMI patients undergoing PCI. Self-management intervention has been widely used in various rehabilitation programs for patients with chronic conditions such as heart failure, hypertension, diabetes, asthma, kidney disease, and mental illness, and previous studies have demonstrated the positive effects of such intervention in improving the health outcomes of patients. 9, 27 Our results are in line with those of previous studies conducted for other patient populations and provide positive evidence for adopting such an approach for patients with AMI undergoing PCI.
Our study found that the NISMP significantly enhanced the health behaviors of AMI patients undergoing PCI in all dimensions, including health responsibility, physical activity, nutrition, stress management, interpersonal relations, and spiritual growth. These findings are consistent with those of previous studies that adopted self-management intervention and found that most health behavior domains of patients with congestive heart failure were significantly enhanced. 28 The significantly positive findings in all health behaviors domains found in our study further confirmed the effect of adopting the self-management approach for patients with AMI undergoing PCI.
AMI has a negative impact on patients, causing them to be concerned about their health. Patients in our intervention group may have taken the initiative to summarize their unhealthy behavior, and actively seek health information during their face-to-face consultation and in the follow-up telephone calls. Hence, they might be more aware of the consequences of an unhealthy lifestyle and be more proactive to improve their health behaviors to prevent a recurrence of a heart attack. The NISMP emphasizes individualized exercise prescriptions for how to exercise safely, and an individualized dietary care plan on how to eat healthy at home. Therefore, the guidance on exercise and diet was tailored to each patient and thus was more effective. Furthermore, the NISMP allowed the patients to actively communicate with healthcare providers and interact with other patients, provided more positive information on rehabilitation at home, and taught patients to use simple relaxation skills (e.g. deep breathing) to relieve stress. Therefore, the intervention group managed stress better and had better interpersonal relations, and spiritual growth than the control group.
The results from previous studies showed that 90% of myocardial infarctions can be predicted by eight controllable factors, such as dyslipidemia, smoking, hypertension, abdominal obesity, lack of exercise, lack of vegetables and fruits in the diet, stress and alcohol consumption. 23 If these risk factors can be controlled effectively, the incidence of myocardial infarction would decrease dramatically. Our results found that the NISMP caused patients to significantly control certain cardiac risk factors by quitting smoking, lowering LDL and BMI, and increasing exercise. The NISMP had this effect probably because it significantly improved the health behaviors of the participants, which led to their improved compliance with a healthy lifestyle and enhanced self-monitoring of their conditions. In our study, the BP and BG of the two groups were well controlled at baseline (control rate ⩾80.0%), and there were no significant differences in their values between the two groups at the end of 12 months. This may have been due to the similar medication therapy used in both groups to control BP and BG for AMI patients undergoing PCI. We evaluated only six cardiac risk factors in our study, whereas many other risk factors (e.g. waist/hip ratio, dietary patterns, apolipoproteins, psychosocial factors) have been found in recent years. 29 The effect of self-management intervention on these factors was not examined in our study. Future studies to examine the effects of the intervention on these risk factors are needed.
HRQoL has been increasingly used as an important indicator of health outcomes and to evaluate the effectiveness of the intervention. 18 Previous studies have consistently demonstrated the positive effects of self-management interventions on HRQoL among patients with cardiovascular diseases. 13, 18 The results of this study also demonstrated the positive effect of the NISMP on the HRQoL of patients with AMI undergoing PCI as assessed using the SF-36. The general health, role emotional, role physical, and social function subscales of the intervention group were significantly improved after 12 months of the program compared with those of the control group. However, there were no significant differences in the physical functioning and bodily pain subscales between the two groups after 12 months. The results were consistent with those of from previous studies, which indicated a significant enhancement of most outcomes. 18 Self-management intervention is considered an effective approach for both primary and secondary prevention of AMI. 14 Several studies employed self-management intervention to promote HRQoL in both illness and healthy study participants. 18, 30 Effective self-management intervention encompasses more than just knowledge transfer, it encourages patients to actively take responsibility for their care plan. Instructing patients on self-monitoring and problem-solving skills to deal with all aspects of their disease is essential. Thus, the NISMP focused more on improving the psychosocial function of patients with AMI undergoing PCI, while improving physical functioning and bodily pain may depend more on medication therapy and physical exercise. 13 The NISMP incorporated the psychological social management of living with AMI and emphasized guidance on individualized physical exercise. However, compliance with the guidance and instruction in physical exercise by the patient could not be fully guaranteed.
There were several limitations to this study. Convenience sampling and recruitment of participants from only one target hospital could have contributed to some sampling bias, which could limit the generalization of the results. The lack of randomization of the participants also could have increased the risk of bias. Future studies adopting a cluster randomized controlled trial with repeated measures are recommended.
Conclusion
Despite the limitations of the current study, the NISMP resulted in significant improvement in the health behaviors, control of cardiac risk factors, and HRQoL among patients with AMI undergoing PCI. This study shows the adoption of such an approach in taking care of patients with AMI undergoing PCI at their transition from hospital to home.
The study provides information that will help healthcare professionals to establish a useful nursing care extension program for patients to enhance their health behaviors, control cardiac risk factors and improve their HRQoL.
Implications for Practice
• • The methods used of group-based education sessions, individual consultation, and telephone follow-ups were deemed as an acceptable and effective approach to help the Chinese percutaneous coronary intervention patients to enhance their health behaviors, control risk factors, and improve their health-related quality of life. • • The individualized assessment and instruction on health behaviors and risk-factors control are critical for patients to recover effectively at home. • • This study provides an effective and feasible approach that may not only empower the patients but also offer guidelines to health professionals, expanding their competence in clinical practice.
